Abstract: In this paper, we obtain a holographic model of dark energy using the fluid/gravity duality. This model will be dual to a higher dimensional Schwarzschild black hole, and we would use fluid/gravity duality to relate to the parameters of this black hole to such a cosmological model. We will also analyze the thermodynamics of such a solution, and discuss the stability model. Finally, we use cosmological data to constraint the parametric space of this dark energy model. Thus, we will use observational data to perform cosmography for this holographic model based on fluid/gravity duality.
regular solutions of the Navier-Stokes equations and turbulence phenomena could be analyzed holographically using this duality. This duality can also be used to analyze fluids dual to certain black hole solutions. In fact, it has been proposed that a five dimensional Schwarzschild black hole is dual to an interesting fluid mechanical system [23] . It has also been proposed that cosmological solution can be studied holographically using this duality [24] .
The dark energy of the universe has also been studied holographically [25] [26] [27] [28] [29] . Holographic dark energy with massive neutrinos has also been studied and constraints using cosmological data from the Planck CMB lensing data, Planck CMB temperature data, the JLA supernova data, the baryon acoustic oscillation data, the cosmic shear data of weak lensing, the Hubble constant direct measurement, and the redshift space distortions data [30] . The interacting holographic dark energy models have been studied for various different interactions [31, 32] . It was observed that the type of interaction terms is constraint by the cosmological data for these interacting holographic dark energy models. Recently, it is demonstrated that any covariant gravity maybe described via such holographic dark energy [33] . Thus, it is important and interesting to study models of dark energy based on the holographic principle.
We would like to clarify the various ways in which holographic principle can be used to study such a system. The holographic principle can be used directly to the physical universe, as is done in most models of holographic dark energy [25] [26] [27] [28] [29] . It is also possible to consider systems which have the same degrees of freedom as an AdS spacetime, and then use the holographic description to study such field theoretical systems. This is the approach that has been used in condensed matter systems, where a specific condensed matter system is analyzed using holography because the degrees of freedom describing such a system are the same as the degrees of freedom of an AdS spacetime [34, 35] . This is the approach we will use to analyze holographic dark energy using fluid/gravity duality. Thus, as dark energy can be analyzed as a fluid dynamical system [36] [37] [38] [39] , and a fluid dynamical system can be analyzed using its gravity dual [40, 41] , we will analyze the dark energy using its gravity dual. We would like to point out that the main motivation for this work is that just like condensed matter systems can be studied by analyzing their gravity duals [34, 35] , the dark energy can also be analyzed as a fluid mechanical system using its gravity dual. This is different from earlier works on holographic dark energy, where the holographic principle was directly applied to the physical universe.
So, in this paper, we first note that fluid/gravity duality can be used to analyze various different fluid mechanical systems, and this can be done by mapping the properties of those fluids to an AdS spacetime [40, 41] . Then we observe that it is possible to model the dark energy using fluid mechanical systems [36] [37] [38] [39] . So, we use the fluid/gravity duality to map such a fluid mechanical systems, which can describe dark energy, to an AdS solution. We observe that the gravity dual to such a fluid mechanical system is a higher dimensional AdS-Schwarzschild black hole. We would like to point out that the AdS-Schwarzschild black hole is only used to obtain the dynamics of the fluid mechanical system which is dual to it. However, after we obtain such a boundary description of a fluid, we use cosmography to fix the values of parameters in this system, so that it describes dark energy in our universe. Thus, in this paper, we will use fluid/gravity duality to study the fluid dynamical properties of dark energy. It would be interesting to extend this work further and analyze other cosmological phenomena using such an approach. This can be done by first analyzing such a cosmological phenomena using a fluid dynamical system, and then finding a suitable gravity dual to such a fluid dynamical system. So, we use results fluid/gravity duality [41] to analyze a fluid dynamical model of dark energy using its gravitational dual. This paper is organized as follows. In section 2, we review procedure of obtaining equation of state of a fluid using its gravity dual. In section 3, we use the equation of state obtained in section 2, to construct dark energy model. In section 4, we study thermodynamics of this dark energy model. In section 5, we use observational data to fix the parameters in this model. Finally in section 6, we summarize our results in the conclusion. So, in this paper, we start from fluid/gravity duality, and construct a model of dark energy using holography dual to a AdS Schwarzschild black hole. Then we study the thermodynamics of this holographic dark energy model, and finally constraint the parameters in this model using observational data.
Fluid/Gravity Duality
In this section we will review the fluid/gravity duality. We first noted that at longwavelengths, the effective dynamics of a continuum system can be described using fluid mechanics. Furthermore, according to fluid/gravity duality, this fluid mechanical system on the boundary of an AdS spacetime is dual to the bulk Einstein equations in the AdS spacetime [40] . So, such a fluid mechanical system can be described by an asymptotically AdS spacetime given by the following line element,
where L is the constant AdS radius, and
is the three dimensional metric of the flat space. If we consider the five dimensional AdS Schwarzschild black hole with the event horizon radius r h , then,
3)
The action governed our model given as,
where κ = 8πG, while S Q and S M are boundary actions corresponding to Neumann and Dirichlet boundary conditions respectively. It is indeed the FRW universe embedded in the five dimensional AdS Schwarzschild spacetime, and the properties of the fluid can be holographically obtained from the bulk [42] . We will obtain an induced metric, which resembles the FRW metric on a brane. Now we consider u = 1 r , and change the variable, so that the coordinates u. Then, one can choose time parameter as τ , with the following condition, 1 6) and f (u) is given by
So, the induced metric takes the form of a standard FRW metric,
It should be noted that the size of the four dimensional universe is specified by the radial distance, u, from the black hole center.
We can now analyze kinematic properties of the fluid using this fluid/gravity duality. So, we can use the fluid/gravity duality [43, 44] to obtain the equation of motion for this system
As from the time independent profile, we haveẏ(r) = 0, so equation of motion can be expressed as
The stress-energy tensor for this system can be written as [45, 46] ,
where h ab is induced metrics on the hypersurface Q, and Σ is tension of Q. Here K is the trace of the extrinsic curvature K ab . In this system, T
ab and T (ct) ab are additional possible contributions from the intrinsic curvature and counter-terms respectively. Here, it should be noted that stress-energy tensor (2.11) is defined with respect to the intrinsic hypersurface metric given by,ĥ
It should also be noted that following the Ref. [41] , we consider the boundary specified by the condition of x 2 ≡ y = const, where y is one of the coordinates on manifold M , and so we consider the AdS/BCFT [47] on a half of Minkowski space. It means that we consider problem in a half-space y < 0, hence one can parameterize a generic hypersurface Q by the profile y(r). Then, for the simplicity, we consider only the first three terms in the Eq. (2.11), and use the following Neumann boundary condition,
Using the boundary stress-energy tensor, the components of four dimensional boundary, can be written as
where ρ is energy density. Here, p T and p L are transverse and longitudinal pressures, respectively. The prime denotes a derivative with respect to r. Neumann boundary conditions require T ab = 0 which yields to Σ = 0 (for the dimensions greater that three). In fact, it is required to set Σ = 0 to obtain a perfect fluid equation of state. It is also possible to set ΣL = 2cosθ, where θ is the angle of the hypersurface Q with the y-axis. As the boundary for this spacetime can be described by the generic hypersurface Q, such that it is parameterized by the function y(r). In order to have fluid mechanical system, we require isotropic pressures, and so we have
Hence, we can obtain
where c is an integration constant. Thus, we can write
It is important relation from holographic point of view which is relation between radial coordinate in gravity side and normal space coordinate in fluid side. In the case of AdS Schwarzschild black hole we can solve integration (2.17) numerically and plot y in terms of r in the Fig. 1 . Behavior of y is completely agree with the results of the what is expected form a four dimensional Schwarzschild black hole [41] . In fact, as we have to only consider the positive value of c, so we have c ≥ 0 [41] .
In the case of y(r h ) = y h , we can write, where ∆y = y h − y 0 is characteristic distance scale, and θ is angle of the black curves with the red solid line. Very close to boundary, where r ≪ r h (close to boundary), one can use the Taylor expansion to obtain,
Now, we can write the pressure of this system as
We can also write the energy density of this system as,
Thus, it is possible to mathematically analyze this fluid mechanical system using its gravity dual. As it is known that the dark energy can be modeled using a fluid mechanical system, and this fluid mechanical system can be analyzed using its holographic dual, we will use use this holographic description of a fluid to describe a dark energy model, and holographically analyze such a model. It may be noted the holographic description would be used to mathematically analyze the fluid mechanical aspects of this system using the fluid/gravity duality. Its connection to the FRW universe will be made by assuming that this fluid describes a dark energy model in the Friedmann equation, and it is a realistic model, as it is constrained by observational data.
Holographic Dark Energy
In this section, we will use to holographic description to analyze a holographic model of dark energy dual to such a background geometry. So, here we will model dark energy with a perfect fluid, with energy density ρ and pressure p. 
2)
It may be noted that for the general case, we should set Σ = 0. Thus, comparing Eqs. (2.21) and (2.20), and using (3.1), we obtain
Solution of this equation can be expressed as
where A is an integration constant, and N = 4(1 + (1 + c 2 )ω). The Friedmann equation in flat space for this dark energy model can be written as 5) where H =ȧ a is the Hubble's expansion parameter and a(t) is the scale factor. Also dot denotes derivative with respect to the cosmic time. In the case of matter dominant we can write 6) and so H = h , and assume that r ≫ r h , then we obtain,
where c 1 is an arbitrary constant. Now r b is the radius at which the fluid describes the dark energy, such that
where r b is the real positive root of this equation. It may be noted that we have now obtained a time-dependent black hole with the horizon given. Hence, we conclude that r h is constant and r b is time-dependent. So, r b corresponds to time-dependent dark energy. It means that certain sheet of fluid with fixed y behaves as dark energy. Hence, we rewrite the equation (3.7) as
where C ≡ (
where C is constant. Now if (1 + c 2 )ω = − 
The expansion of the universe is accelerating for any equation of state ω < − (3.13)
In the large t limit, we obtain r b ∝ √ t. However, the energy density of this case is negative; hence it is un-physical. Now for (1 + c 2 )ω = −2, we can solve the Eq. (3.8) and obtain,
Here for 0 ≤ c 2 ≤ 1, we have ω ≤ −1, and we get the hypothetical phantom energy and would cause a big rip. So, for any value of positive A, we have r b ≤ r h . Now from Eq. (3.14), we obtain It is easy to find that r b becomes proportional to √ t at the large t, otherwise we get negative density. In general, using the conditions given by Eqs. (3.3) and (3.8), we obtain ,
As discussed above, using explicit time-dependent r b , and Eq. (3.6), we obtain
where
is a constant and ρ(0) is initial density at a = 0. In that case the scale factor obtained as follow,
where C 2 is an integration constant. In this section, we model dark energy using a holographic fluid. In the next section, we will study thermodynamics of this holographic fluid representing the dark energy. Finally it should be note that to have consistent dimensional analysis we set 4πG = 1 which means κ = 2 is dimensionless parameter.
Thermodynamics analysis
Now, we can analyze the thermodynamics of this holographic dark fluid. We first observe that Eqs. (2.1) and (2.3) describe a black hole with the horizon radius r h . General relation for the black hole Hawking temperature given by,
and it has relation with local temperature on the surface Q as
So we can write the Hawking temperature for this black hole as
Also the local temperature on the surface Q given by the following expression,
So, the local temperature where dual fluid describes the dark energy is given by the following expression,
In the case of near boundary (r b → 0), the local temperature is equal to the Hawking temperature, T b = T H . The local entropy density for this system can be written as
So, by using Eqs., (3.17) and (4.5), we obtain the entropy of the fluid corresponding to the dark energy,
is a constant. To have positive entropy, we should have ω > −1, otherwise it may produce phantom energy. It may be noted that with the current observational data, it is impossible to distinguish between phantom ω < −1 and non-phantom ω ≥ −1. It is clear that the entropy density is constant on the surface, which is proportional to the area of the horizon swept by the hypersurface. Now using the Eqs. (2.21), (2.20) , and (4.6), we obtain the following entropy of the horizon,
It is easy to check that for the c ≫ 1 the above equation produces the five dimensional Schwarzschild entropy. Furthermore, using the Eq. (4.7), we obtain Helmholtz free energy as,
while specific heat for this system can be written as
So we can write the Helmholtz free energy of the surface as
while the specific heat at the surface, r = r b , given by
This specific heat is negative for ω > −1. Now, we can use the specific heat and speed of sound to study the stability of the model. There is another test for stability of the model, and this test is based on the speed of sound, v 2 s =ṗ ρ = dp dρ . (4.14)
For the fluid describing holographic dark energy, we have
So, if ω > 0, we get v 2 s > 0 and C v < 0. However, if ω < −1, then we get C v > 0 and v 2 s < 0.
Cosmology
In this section, we briefly describe the observational data sets, the fitting method used to constrain the parameters of our model based on Friedmann equation (3.5) in the presence of an effective dark energy in the form of (3.18) . A cosmography analysis, comparison with observational data like [48, 49] and the evolution of model also are presented in what follows.
Data Sets and Fitting Method
In order to constrains the free parameters of the models, we use i) The Union 2.1 sample [50] , which contains 580 Supernovae type Ia (SNIa), and we fit the SNIa data by minimizing the χ 2 value as defined in [51] . ii) The baryon acoustic oscillations (BAO) measurements from WiggleZ BAO data, where the total χ 2 for all the BAO data sets have 3 data point (Ā obs = (0.447, 0.442, 0.424) at z = (0.44, 0.60, 0.73)) from [52] . iii) We adopt also 36 Observational Hubble Data (Hz) at different redshifts (0.0708 ≤ z ≤ 2.36) obtained from [53] , where 26 value are deduced from the differential age method, whereas 10 corresponds to that obtained from the radial BAO method. The χ 2 function for Hz is built as in [51] .
In order to find the value parameters for a given statistic we need maximum likelihood L max as a function of the best fit parameters p m i , which given by,
We use Gaussian errors distribution of maximum likelihood where,
. Such Gaussian uncertainties of parameters given by the following Fisher matrix
2) which will be use to constraint the cosmological parameters from observational data [55, 56] . p i and p j in the equation (5.2) are the free parameters of the given model. The covariance matrix [C cov ] is the inverse of the Fisher matrix, and the uncertainties expressed by, Here, we note that the EoS is closed at w = −1 for all combinations of data. But, the introduction of SN Ia + BAO on H(z) causes small variation into direction to a possible phantom dynamic. In all combinations of data, although within the margin of error this cannot yet be still discriminated. Table 1 summarize the main results of the statistical analysis, and we can notice that although the value of χ 2 min for H(z) is a little below 36, this is greatly improved when the other data sets are introduced. Hence in summary, it is clear that Fluid/Gravity model, under all the above three different combinations of statistical data sets, remains close to ΛCDM cosmology. 
Cosmography
In order to extract some observational parameters we use a Taylor series of the scale factor a(t) around the current time (t 0 ) as follow [57] ,
The first term is Hubble expansion parameter H(t), the second is called deceleration parameter q(t) which could determine accelerating or decelerating of the universe, and the last term is called jerk parameter j(t). The big advantage of this method is that we can investigate the cosmic expansion without assuming any modification of gravity theory or dark energy model due to its geometrical approach. The dependence between the free parameters of Fluid/Gravity model and the kinematic parameters H(z), q(z) and j(z) can be obtained from the equations (3.5) and (3.18) as 6) where Ω X (z) = (1 − Ω m0 − Ω r0 )(1 + z) 6(1+w) and Ω X (z) = ρ(z)/ρ cri is given by equation (3.18), ρ cri = 3H 2 0 /8πG is critical density, Ω r0 and Ω m0 are radiation and matter density respectively, and w is the EoS. Here, we have that Ω r0 (h) = Ω γ (h)(1 + 0.2271N ef f ), where Ω γ (h) = 2.46910 −5 h −2 is the density of photons, N ef f = 3.046 is the effective number of neutrino species [48] , and h = H 0 /100kms −1 Mpc −1 is dimensionless Hubble parameter. Thus, our model has 3 parameters free {h, Ω m0 , w}, whose fit with the observational data is shown in Table 1 .
The deceleration and jerk parameters [49] are obtained as Using data set we plot the H(z) function reconstructed using the best fit values for the H(z) + SN Ia + BAO case and the Observational Hubble data set . We consider the error propagation at 1σ (Gray region) in the best fit parameters (h, Ω m , w).
In the case of q(z) > 0, andä(z) < 0; the universe expansion decelerated, which is expected. In the case of sufficiently large Ω X (Ω X > Ω m ), we have negative deceleration parameter andä(z) > 0, which is corresponding to an accelerated expansion of the universe as illustrated by the Figure (4) in agreement with current observational data. Figure ( 3) shows the evolution of H(z) obtained in our analysis with propagation of error to 1σ (gray region) obtained from the best fit of parameters with all observational data, which seems agree with this data set. Figure (4) shows the deceleration parameter q(z) using all data set and how is expected our model show q(z) < 0 at late times and q(z) > 0 at earlier epoch. It means that the expansion of the universe is decelerated in the past and is accelerated at present with value of q 0 = −0.582 ± 0.059. The decelerated to accelerated phase transition happen at z ∼ 0.76. Finally, Figure (5) shows the results for jerk parameter j(z) obtained from our kinematic analysis, where at later times we can appreciate a deviation from ΛCDM (dashed black curve). Although the Fluid/Gravity model is still in agreement with the standard model and the latter cannot be discarded since it is within the region of propagation of error at one sigma (gray region). Figure 5 . Using data set we plot the j(z) parameter reconstructed using the best fit values for the H(z) + SN Ia + BAO case. We consider the error propagation at 1σ (Gray region) in the best fit parameters (h, Ω m , w).
Conclusion
In this paper, we have used fluid/gravity duality to find a holographic dark energy model. This dark energy model was dual to a five dimensional Schwarzschild black hole. We were able to find the correct behavior for this holographic model from its dual description. We were thus able to relate the parametric space of the holographic dark energy model to its dual description. We then analyzed the thermodynamical stability of this five dimensional Schwarzschild black hole, and use the fluid/gravity duality to analyze the behavior of the dark energy model. Finally, we used cosmological observational data to constraint the parametric space of this holographic dark energy model. Indeed we obtained equation of state by using pressure and density of the holographic fluid. Comparing with dark energy equation of state give us a time-dependent radius corresponding to the time-dependent dark energy model. Then, we considered obtained dark energy model and studied thermodynamics to obtain some thermodynamical parameters like Helmholtz free energy, entropy and specific heat. By using sign of the specific heat and sound speed we found that the model may be unstable.
In this work, we analyzed a specific kind of dark energy models. It would be interesting to analyze such models using some more generalized equation of state for a dark energy model [58] [59] [60] . We also analyzed the thermodynamic stability for the dual description of this model. It would be interesting to analyze the effects of thermal fluctuations of such a dual description, and then analyze the duality using such some corrected thermodynamics. It may be noted that thermal fluctuations can change the behavior of thermodynamical systems [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] , and so it is expected to have direct effect on the stability of this system. It would also be interesting to analyze this holographic formalism for other models of dark energy, such as the generalized Chaplygin gas [75] [76] [77] [78] [79] [80] , generalized cosmic Chaplygin gas [81] [82] [83] , modified Chaplygin gas [84] [85] [86] [87] [88] [89] [90] , modified cosmic Chaplygin gas [91] [92] [93] [94] , extended Chaplygin gas [95] [96] [97] [98] [99] . It is interesting to note that it is possible to use the extended Chaplygin gas models equation of state [100] [101] [102] [103] ,
and analyze the stability of such systems. It would be interesting to use such equations of states and analyze the stability of dark energy model using a dual description. It is expected that certain problems with certain values of parameters in this theory can be resolved by using such extended theories. It would also be interesting to analyze the holographic dual to such dark energy models, and constraint such models from observations.
